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Abstract. In this talk we present an interpretation for the experimental data available on two different processes, namely,
J/Ψ → φpi+pi−, J/Ψ → γωφ , which seem to indicate existence of two new resonances with the same quantum numbers
(Jpic = 0++, I = 0) and very similar mass ( 1800 MeV) but with very different decay properties. However, our studies show
that the peak structure found in the ωφ invariant mass, in J/Ψ → γωφ , is a manifestation of the well known f0(1710) while
the cross section enhancement found in J/Ψ → φpi+pi− is indeed a new f0 resonance with mass near 1800 MeV. We present
an explanation for the different decay properties of these two scalar resonances.
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INTRODUCTION
A peak structure has been found in the φω invariant mass spectrum in a recent experimental study of the J/Ψ→ γφω
process made by the BES collaboration [1]. This peak has been associated to a scalar, isoscalar resonance with mass
M = 1795± 7+23−5 MeV and width Γ = 95± 10+78−34 MeV in Ref. [1]. We shall refer to this state as f0(1800) as done
in Ref. [1]. No such resonance is present in the spectrum of the f0 states in the particle data book (PDB) [2]. The
known state with the nearest possible mass is f0(1710) and one could wonder if the peak seen in the φω spectrum
can be explained with this known resonance. In fact, an attempt to explain the BES data on the φω invariant mass
spectrum with f0(1710) was made in Ref. [3] and indeed a peak structure was found near the threshold although with
a strength much weaker than the experimental data. Anyhow, no strong claims were made in Ref. [3] partly due to a
parameterized treatment of the interaction of vector mesons (V ) and VV f0(1710) coupling.
Interestingly, the finding of yet another f0 resonance with mass also around 1800 MeV was earlier reported in a
different process: J/Ψ → φpi+pi− [4]. This resonance was found in the pipi invariant mass spectrum and was named
f0(1790). This state was found to possess a very curious decay property which is a suppressed decay to the KK
channel. This property makes f0(1790) undoubtedly distinct to the known f0(1710) which, completely contrarily,
decays to KK with a large branching ratio and suppressively to pipi .
Now, the f0(1800) found in Ref. [1] must also be distinct to f0(1790) of Ref. [4] since f0(1800) has been found in
the φω system which must unavoidably couple, and decay, to KK (see Fig. 1). Thus, from Refs. [1, 4] it seems that
FIGURE 1. The φω → KK process.
two f0 resonances exist with mass around 1800 MeV but with very different decay properties and as a consequence
there must be three f0’s with mass between 1700-1800 MeV: the well known f0(1710) and a twin set of new states
around 1800 MeV. In this manuscript we discuss that this is not the case although it might appear to be so. We show
that the peak structure found in the φω spectrum in Ref. [1] is a manifestation of f0(1710) while the resonance seen in
the pipi system [4] is indeed a new scalar, isoscalar resonance which is undoubtedly distinct to f0(1710). In addition,
we provide an explanation for the suppressed decay of f0(1790) to the KK channel.
f0(1790) AS A pipi f0(980) RESONANCE
We shall first review our study of the pipi f0(980) system [5] where a scalar resonance was found with properties very
similar to f0(1790). With the motivation of studying pseudoscalar systems with total quantum numbers of the vacuum,
we first studied three pseudoscalar systems with total strangeness zero in Ref. [5], namely, pi0K+K−, pi0K0K0, pi0pi0η ,
pi+K0K−, pi+pi−η , pi−K+K0 and pi−pi+η as coupled channels. The formalism of the study is based on calculation
of the Faddeev equations with the input amplitudes obtained by solving the Bethe-Salpeter equation for the two-
pseudoscalar subsystems in a coupled channel formalism. The Faddeev partitions, T 1, T 2 and T 3, are written in this
formalism as
T i = t iδ 3(~k ′i −~ki)+
3
∑
j 6=i=1
T i jR , i = 1,2,3, (1)
with ~ki (~k′i) being the initial (final) momentum of the particle i and t i the two-body t-matrix which describes the
interaction of the ( jk) pair of the system, j 6= k 6= i = 1,2,3. Using Eq. (1), the full three-body T -matrix is obtained in
terms of the two-body t-matrices and the T i jR partitions as
T = T 1 +T 2 +T3 =
3
∑
i=1
t iδ 3(~k ′i −~ki)+TR (2)
where we define
TR ≡
3
∑
i=1
3
∑
j 6=i=1
T i jR . (3)
The T i jR partitions in Eq. (1) satisfy the following set of coupled equations
T i jR = t
igi jt j + t i
[
G i ji T jiR +G
i jk T jkR
]
, i 6= j, j 6= k = 1,2,3. (4)
where gi j is a three-body Green’s function depending on the variables of the external legs while Gi jk is a loop function
(see Refs. [5, 6, 7, 8, 9, 10] for more details). Studies of several three-hadron systems made of mesons and baryons have
earlier been made within this formalism [6, 7, 8, 9, 10] leading to the generation of some meson and baryon resonances
which, in turn, indicates that the three-body dynamics plays an important role in understanding the properties of such
states.
Going back to the study of three pseudoscalar mesons of Ref. [5], we would like to recall that the input two-body
amplitudes were obtained following Refs. [11, 12] where dynamical generation of the light scalar mesons was found.
Thus, our two-body amplitudes also contain this information. To be precise, the isoscalar KK and pipi t-matrices
dynamically generate the resonances f0(980) and σ(600), while the system composed of the channels KK and piη in
isospin 1 gives rise to the a0(980) state. In the strangeness +1 Kpi and Kη systems the κ(850) is formed.
With these inputs we solve Eq. (4) while keeping all the interactions in S-wave, which implies that the total quantum
numbers of the three-body system and, thus, the possible bound states or resonances present in it are Jpi = 0−.
To identify the peaks obtained in the three-body T -matrix for the different channels with physical states we need to
project these amplitudes on an isospin basis. To do that, we consider the total isospin I of the three-body system and
the isospin of one of the two-body subsystems, which in the present case is taken as the isospin of the KK subsystem
or (23) subsystem, I23, and evaluate the transition amplitude 〈I, I23|TR|I, I23〉. The isospin I23 can be 0 or 1, thus, the
total isospin I can be 0, 1 or 2. For the cases involving the states |I = 0, I23 = 1〉, |I = 1, I23 = 1〉 and |I = 2, I23 = 1〉
we have not found any resonance or bound state. Although we do find one in the case of I = 1 with I23 = 0 with mass
∼ 1400 MeV and width ∼ 85 MeV. We find that this resonance is formed when the KK system is organized as f0(980)
and, thus, its structure is dominantly pi f0(980).
This state can be associated with the pi(1300) listed in the PDB [2], whose mass is in the range 1300± 100 MeV
and the width found from the different experiments listed varies between 120 to 700 MeV [2]. Using these values as a
reference, the peak position obtained here is in the experimental upper limit for this state, while the width is close to the
lower experimental value, thus, our findings are compatible with the known data set. Surely, for a better comparison
one needs more experiments which could help in determining the properties of this state with more precision. The
decay modes seen for this resonance are ρpi and pi(pipi)Swave. The channel pipipi is a three-body channel which couples
to piKK and pipiη . However the three pion threshold (around 410 MeV) is far away from the region in which the state
is formed, thus, it naturally is not essential in the generation of the pi(1300). However, the inclusion of channels like
pipipi or ρpi could help in increasing the width found for the state within our approach, since there is more phase space
for the pi(1300) to decay to these channels.
Having obtained this information on three pseudoscalar systems we solve the Faddeev equations, once again, for the
pipi f0(980) system. The pipi interaction is obtained from chiral Lagrangians, as earlier, while the result of the Faddeev
equations solved for three-pseudoscalar system is used for the pi f0(980) amplitude. Consequently, we find a resonance
with scalar, isoscalar quantum numbers and mass ∼ 1773 MeV with 100 MeV width (see Fig. 2). It is found that the
FIGURE 2. The squared amplitude for the piKK channel as a function of the total energy and the invariant mass of the KK
system.
two pions interact in the σ(600) region and the pi f0(980) subsystems are organized as pi(1300) when the three-body
resonance is formed. The important thing to notice from these results is that the scalar, isoscalar resonance found in
our work decays dominantly to pipi , pipipipi , pipiKK but not to KK (as shown in Fig. 3) which is strikingly similar to the
characteristics of the f0(1790) [4].
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FIGURE 3. The decay process of the f0(1790) found in our work.
MANIFESTATION OF f0(1710) IN THE φω MASS SPECTRUM
The resonances found in Refs. [1, 5] can, certainly, not be related to the one found in the φω invariant mass spectrum
in Ref. [4] since the latter one must unavoidably decay to KK through the mechanism shown in Fig. 1. This argument
actually leads to finding of a flaw in the interpretation of the peak seen in the φω spectrum [1] as a new f0(1800)
resonance since in the KK decay channel the mass of f0(1800) would be very far from the KK threshold and the peak
should be clearly observable, with no ambiguities about its interpretation. Yet, in the experiment studying J/Ψ decay
into γKK, clear peaks are seen for the f0(1500) and f0(1710) but no trace is seen of any peak around 1800 MeV [13].
Similarly, MARK III [14] reports a clear signal for the f0(1710) in the KK spectra but no signal around 1800 MeV.
In fact in Ref. [15] we showed that the peak in the φω data obtained in Ref. [1] can be interpreted as a manifestation
of the f0(1710) resonance produced below the φω threshold. We discuss that the presence of this resonance necessarily
leads to a peak around the φω threshold with a shape and strength compatible with experiment and that the observed
peak is not a signal of a new resonance. To do this we studied the J/Ψ → γφω process within a formalism where a
photon is radiated from the initial cc state (as in Refs. [16]). The cc component after the γ radiation, then, decays into
pairs of vectors which interact among themselves as shown in Fig. 4.
J/ψ
V
V
+ + + · · ·
cc¯
FIGURE 4. Schematic representation of J/Ψ decay into a photon and one dynamically generated resonance.
The cc can be considered as an SU(3) singlet and, thus, the pair of vector mesons produced after hadronization must
couple to an SU(3) singlet. The vector-vector content in the SU(3) singlet can be easily obtained from the trace of
V ·V
VVSU(3) singlet = Tr[V ·V ], (5)
where V is the SU(3) matrix of the vector mesons
V =


1√
2 ρ
0 + 1√2 ω ρ
+ K∗+
ρ− − 1√2 ρ0 +
1√
2 ω K
∗0
K∗− K∗0 φ

 . (6)
We, thus, find the vertex
VVSU(3) singlet = ρ0ρ0 +ρ+ρ−+ρ−ρ++ωω +K∗+K∗−+K∗0K
∗0
+K∗−K∗++K∗0K∗0 +φφ . (7)
It is important to note that there is no primary production of φω with the mechanism of Fig. 4. The production of
φω occurs through the rescattering of the vector mesons produced primarily. The amplitude for the process shown in
Fig. 4 can be written as
tJ/Ψ→γφω = A
4
∑
j=1
w jG jt j→φω , (8)
where A is an unknown constant representing the reduced matrix element for the operator responsible for the transition
cc → VVSU(3) singlet, w j are the weight factors corresponding to the probability of hadronization of different vector
mesons, G j the loop function for the intermediate two mesons state and t j→φω represents the transition amplitude for
the intermediate vector mesons to φω . We take the information for the G j and ti j functions from Ref. [17]. The ti→ j
matrices can be written as
ti→ j =
gig j
s−M2R + iMRΓR
(9)
where gi,g j are the couplings of the resonance to the i, j channels given in Ref. [17].
With the amplitude of Eq. (8), which depends on the invariant mass of φω , we can construct the φω mass distribution
given by
dΓ
dMinv
=
1
(2pi)3
1
4M2J/Ψ
pγqω | tJ/Ψ→γφω |2, (10)
where pγ and qω are the photon momentum in the J/Ψ rest frame and the ω momentum in the φω rest frame,
respectively.
In Fig. 5 we show the φω invariant mass distribution obtained by fixing the total strength such as to reproduce
the peak of the experimental data on the number of φω events per bin. In order to account for the strength of the
distribution at large values of Minv, far away from the f0(1710) resonance, we allow for a small background, which
we take as a constant amplitude for simplicity. As we can see, there is a perfect agreement between our results and
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FIGURE 5. The invariant mass distribution dΓdMinv for the process J/Ψ → γφω from Eq. (10). The data points, shown by filled
circles, have been taken from Ref. [? ]. The dotted and dashed lines represent the background and the f0(1710) resonance
contribution, respectively. The solid line shows the coherent sum of the two.
the experimental data. However, we must remember that we have an unknown constant A in Eq. 8. In order to make a
stronger claim, we have calculated the ratio
RΓ =
∫
dMinv
dΓ
dMinv
ΓJ/Ψ→γ f0(1710)
, (11)
where the constant A gets cancelled. In our work this ratio turns out to be 0.15+0.07−0.04 which is in good agreement with
the experimental value 0.14+0.12−0.07.
With this we can summarize the present manuscript by mentioning that we provide evidence for existence of a
new scalar, isoscalar resonance f0(1790) which is distinct to the known f0(1710). We present an explanation for the
suppressed decay of this resonance to KK. We also show that the BES data on the φω spectrum can be explained in
terms of f0(1710) and thus a new f0(1800) is not required. Thus there are two f0 states in the 1700-1800 MeV.
ACKNOWLEDGMENTS
The authors acknowledge the support from the funding agencies FAPESP and CNPq.
REFERENCES
1. M. Ablikim et al. [BES Collaboration], Phys. Rev. Lett. 96, 162002 (2006); G. Huang [BESIII Collaboration], arXiv:1209.4813
[hep-ex].
2. J. Beringer et al. [Particle Data Group Collaboration], Phys. Rev. D 86, 010001 (2012).
3. Q. Zhao and B. -S. Zou, Phys. Rev. D 74, 114025 (2006).
4. M. Ablikim et al. [BES Collaboration], Phys. Lett. B607, 243-253 (2005).
5. A. Martinez Torres, K. P. Khemchandani, D. Jido and A. Hosaka, Phys. Rev. D 84, 074027 (2011); A. Martinez Torres,
K. P. Khemchandani, D. Jido, Y. Kanada-Enyo and A. Hosaka, Few Body Syst. 54, 333 (2013).
6. A. Martínez Torres, K. P. Khemchandani and E. Oset, Phys. Rev. C77 042203 (2008); Eur. Phys. J. A35 (2008) 295.
7. K. P. Khemchandani, A. Martínez Torres and E. Oset, Eur. Phys. J. A37, (2008) 233.
8. A. Martínez Torres et al., Phys. Rev. D78 (2008) 074031.
9. A. Martínez Torres et al., Phys. Rev. D80, (2009) 094012.
10. A. Martínez Torres, D. Jido, Phys. Rev. C82, 038202 (2010).
11. J. A. Oller, E. Oset, Nucl. Phys. A620 , 438-456 (1997).
12. J. A. Oller, E. Oset and J. R. Pelaez, Phys. Rev. D59, 074001 (1999) [Erratum-ibid. D 60, 099906].
13. J. Z. Bai et al. [BES Collaboration], Phys. Rev. D 68, 052003 (2003).
14. W. Dunwoodie [MARK-III Collaboration], AIP Conf. Proc. 432, 753 (1998).
15. A. Martinez Torres, K. P. Khemchandani, F. S. Navarra, M. Nielsen and E. Oset, Phys. Lett. B 719, 388 (2013).
16. L. S. Geng, F. K. Guo, C. Hanhart, R. Molina, E. Oset and B. S. Zou, Eur. Phys. J. A 44, 305 (2010).
17. L. S. Geng and E. Oset, Phys. Rev. D79,074009 (2009).
